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Biological criteria for the toxicity determination of lead exposure is based on 
a urine l ead level in excess of 0.20 mg per liter of urine and the fluoride ex
posure is based on a urine fluoride level in excess of 5 mg per liter of urine. 
The ferric chloride test on urine is sensitive at 1 :1000 in detecting phenol, 
creosote, and other phenolic compounds • . 
E. Toxic Effects of Substances 

Fluor"ideJl)Acute poisoning from inhalation of the dusts of fluoride salts has 
rarely been recorded. Irritant effects upon the eyes and upper respiratory 
passages and nausea are noted at air levels of 5 mg/m3. Higher levels conmonly 
result in nosebleeds. Exposure to excessive levels over very protracted 
periods can result in mottling of tooth enamel and chronic bone changes (fluoro-
sis) which may lead to severe crippling. · 

Furfural £lfrhe physiologic effects of furfural are generally regarded as rela
tively mild. Furfural air concentrations of 1.9 to 14 ppm are reported to cause 
headaches, and throat and/or eye irritation in some ·individuals. The present TLV 
of 5 ppm pr obably is not sufficiently low to ensure the freedom of all persons 
from irritation. On rare occasions respiratory sensitization has occurred. 

or nuisance dusts produce little adverse effect upon the 
lungs and do not result in significant organic disease or toxic effects if kept 
under reasonable control • . When inhaled, such dusts may provoke some cellular 
response, but the reaction is potentially reversible and progressive lung 
disease does not ensue. 

is a well known toxic substance and its effects have been observed 
and documented for several centuries. CO!TJTlOn signs and symptoms include loss of 
appetite, constipation, anemia, weakness, insomnia, headache, nervous irritability, 
muscle and joint pain, tremor, encephalopathy, and abdominal colic. In lead colic, 
the abdominal pain may be very severe. In workers who have had repeated attacks 
of colic, there is a tendency towards weakness of entensor muscle groups resulting 
in progressive paralysis most frequently manifested as wrist or foot "drop11 • Both 
ingestion and inhalation are important routes of absorption. Biologic monitoring 
is essential to assure that workmen exposed to inorganic lead are not absorbing 
unacceptable amounts. Unacceptable absorption of lead posing a risk of lead 
poisoning is demonstrated at levels of 0.080 mg/100 gms of whole blood or greater, 
or at levels of 0.20 mg/liter for urine. 

Pheno1\3)oue to a relatively low volatility, phenol does not frequently con
stitute a serious respiratory hazard in industry. Vomiting, dizziness, delirium, 
convulsions , collapse, loss of consciousness, and oliguria are cO!TJTlOn signs and 
symptoms in severe cases of poisoning, which usually occurs through ingestion. 
An early sign of mild poisoning is dark colored urine. Phenol is readily absorbed 
through the skin producing an initial numbness and blanching. Later the skin 
becomes reddened and necrotic. Cresols and creosote have similar although 
they are regarded as being somewhat less toxic. 
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Silica:(l)1n contrast to inert or nuisance dusts, the inhalation of exces
sive crystalline free silica results in permanent lung damage which may be 
progressive even when exposure is stopped (silicosis). However, usually many 
years of exposure are required to initiate silicosis, unless massive exposure 
has occurred. The symptoms are progressive shortness of breath and cough. 
Tuberculosis and other. respiratory diseases are frequently associated with 
silicosis during its chro~ic course. 

F. Evaluation Results and Discussion 

1. Environmental Results 

Furfural results are shown in Table 1. The furfural concentrations were mea
sured for 1390 minutes (23 hours 10 minutes) during four working shifts. These 
measurements were made in the general vicinity of workers to approximate the 
breathing zone levels. During this sampling time, the furfural concentrations 
were between 3.5 and 5.0 ppm for 150 minutes , 5 to 7.5 ppm for 530 minutes , 
7.5 to 10 ppm for 400 minutes, 10 to 12.5 ppm for 160 minutes, 12.5 to 15 ppm 
for 30 minutes, and 15 ppm to 20 ppm for 120 minutes. Thus, air levels in 
excess of the evaluation criteria were present in nearly 90% of the total 
sample period. 

Nine phenol samples were collected during three work shifts. Each sample was 
at least six -hours in length. The average phenol concentrations during each of 
the shifts was 0.75, 0.95, and 0.53 mg/m3 , which are all less than 10% of the 
evaluation criteria. · 

li tharge is used only occasionally during only one shift. The lead concentra
tions in the breathing zone of the worker using litharge in his mix was less 
than 0.0075 mg/m3 or approximately 5% of the evaluation criteria. 

The four fluoride samples were all 0.02 mg/m3 or less which is less than 1% of 
the evaluation criteria (Table II). 

Five samples were collected for total dust and free silica (Table I I I). The 
highest level measured was 4.4 mg/m3. All the samples were less than 60% of 
the inert dust evaluation criteria and the appropriate free silica evaluation 
criteria. 

The local exhaust ventilation systems used to collect the vapors and dust from 
the mixers and storage bins was found to be recirculating 100% of the exhausted 
air. The air was passed through a cyclone, a bag house and then was recirculated 
back into the mixing room about 15 to 20 feet from the mixers. The qust collec
tors removed the dust, but were ineffective in removing vapors. In January of · 
1974, the re-entry of vapors was corrected. The Company changed the ·ventilation 
system so that vapor-contaminated air is now exhausted outside the building • . The 
air is now exhausted directly by a fan located approximately 10 to 15 feet above 
the ground. Under certa i n atmospheric conditions the exhausted vapors could 
presently re-enter through a side door which is left open during nice weather. 
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2. Medical Evaluation Results 

A total of 15 workers were interviewed. The average age was 34. 6 years 
(range 26-68 years) and the average duration of employment with the Company 
was 6.4 years (range 1-27 years). An average of 1.6 years had been spent in 
the Resinoid Mix Area (range 1 ·week - 10 years). 

Worker responses were determined by individual interview and.confirmed where 
possible by physical examination. The majority of men had symptoms of eye and 
upper respiratory tract irritation which is consistent with the effects known 
to occur with exposure to furfural. 

Eye irritation manifested by itching, burning, tearing and/or redness was report
ed by 11 of 15 workmen. In eight individuals it was noted at least twice weekly 
and usually was experienced daily by those men in greatest proximity to furfural 
spraying. Several individuals habitually use proprie~ary eye drops to help 
control their symptoms. Definite redness of the conjunctiva was noted in two 
workers although the majority of men were interviewed during the early portions 
of their shifts when such findings would be probably rather minimal. 

Ten individuals noted frequent (usually daily) nasal irritation resulting in 
symptoms of stuffiness (plugging), dryness, or soreness. One of these, noted 
an occasional bloody nasal discharge. Dryness of the mouth or throat was 
reported by seven individuals and several workers chew gum in an attempt to 
alleviate this symptom. 

NIOSH personnel (3) experienced similar symptoms (eye irritation, nasal stuffi
ness, and dryness of the mouth) during the course of the investigation. In one 
instance,when half-shift furfural concentrations averaging 13.5 and 16 ppm 
occurred, these symptoms were of rapid onset even though the i nvestigators were 
not cont inuously in the environment. Similar symptoms were reported to be pre
sent in a majority of night shift workmen when average furfural values of 5.9 
and 5.1 ppm occurred for the first and second halves of the. shift, suggesting 
that the present standard may not be adequate to protect most individuals from 
irritative symptoms. 

Thirteen of 15 workers reported one or more skin complaints. The most comnon 
symptoms (11/15) related to excessive dryness and a yellowish discoloration of 
the skin of the forearms and hands . This was confirmed by examination. Two 
individuals had noted phototoxic type reactions in the form of excessive sun
burn responses from minimal exposure. These symptoms are thought to be the 
result of skin contact with creosote although furfural exposure undoubtedly 
contributed to the excessive dryness observed. 

Cloth gloves are presently ·being used and by the end of the day they are moist· 
with the liquids being used. This provides ample contact resulting in the 
cutaneous problems observed . A change to impervious gloves should alleviate 
these problems. 
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No other symptoms were noted with a frequency suggesting any causa l relation
ship to the work environment. 

Pre- and post-shift urine samples collected from the mixers for lead and 
fluoride were all in the normal range and similar to values found in the general 
population. The results are shown in Table IV. Qualitative tests made for the 
presence of phenol in the urine of the mixers were all negative. 

Based on the air results and urine samples, it is concluded that lead, fluoride, 
phenol, total dust and silica dusts are not toxic in the concentrations found. 

V. RECOMMENDATIONS 

The following recommendations should aid in reducing the furfura l concentrations 
in the general atmosphere in the mixing rooms. 

l. Covers could be placed on the pans containing the mixed batches of 
materials prior to the pressing operations. 

2. Local exhause ventilation could be installed over the resin and 
furfural dispensers. 

3. Avoid using compressed air to spray furfural into the mixers. 

4. A larger percentage of fresh outside air could be added to t he 
room heating and ventilat ion system. 
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TABLE I 

FURFURAL AIR CONCENTRATIONS MEASURED WITH WILKS MIRAN INFRARED ANALYZER 

Date and Time 

August 21, 1973 
9:00 a.m. - 9:50 a.m. 

11:00 a.m. - 3:00 p.m. 

December 5, 1973 
4:50 p.m. - 8:20 p.m. 

8:20 p.m. -11:30 p.m. 

December 6, 1973 
7:40 a.m. - 9:40 a.m. 

l :00 p.m. - 4:10 p.m. 

4:10 p.m. - 8:10 p.m. 

8:10 p.m. -10:40 p.m. 

Total Sample 
Time in Min. 

50 

240 

210 

190 

120 

190 

240 

150 

1390 Minutes = 

23 hours 10 minutes 

ppm~':Furfura 1 
(average) 

13. 5 

6.o 

10.0 

8.7 

16. 3 

7.4 

5.9 

5. l 

ppm Furfural 
10 Minute Averages 

(Ranqe) 

10-17 

4. 1-8. 1 

8.5-13.5 

7.3-12.3 

11. 5,...) 8. 5 

5.0- 9.5 

5.0- 7.8 

3°5-7°5 

Location 

General Area Samples 
in the mixing Area 

II 

II 

II 

II 

II 

II 

II 

~·: ppm - parts of vapor or gas per mi 11 ion parts of air by vol urne at 25° C and 760 nm Hg pres·sure 

,. _ __.,__. ___ r"! •·--..~·----·· ·--·---·-.--------
~--



Substance 

Lead 

Fluoride 

TABLE 11 

AIR SAMPLE RESULTS OF LEAD AND FLUORIDE 
AUGUST 21-23, 1973 

LEAD AND FLUORIDE 

Sample # Location Air Concentration 
mg/m3 ~·: 

2 

3 

4 

Resinoid 
·Mixer 
BZ '""':i': 

Resinoid 
Mixer 
BZ 

Resinoid 
Mixer 
GA ~·~·~·: 

Resinoid 
Mixer 
BZ 

Resinoid 
Mixer 
BZ 

0. 0075 

0.02 

0 . 006 

0.004 

0.003 

~·: mg/m3 Mi 11 i grams of substance per cubic meter of air 

~·:-:: BZ Breathing zone of the worker 

~·:-::-:: GA Genera 1 area the worker performs his job 

Sample Time 
minutes 

515 

515 

497 

392 

516 

Evaluation 
Criteria 

m m3 

0. 15 

2.5 

2.5 

2.5 

2.5 



TABLE 111 

AIR SAMPLE RESULTS OF TOTAL DUST AND FREE SILICA 

AUGUST 21-23, 1973, MARCH 19, 1974 

Sample # Location Sample Total ~ust Inert Dust % Free 
Time mg/m ~·: Evaluation Si02 Min . Criteria In Sample 

mg/m3 

vitrified 
mixer GA~';-;': 490 0.56 10 " l 0 

2 vitrified 
mixer az~·:-:;-;·: SlO 1. S 10 7 

3 resinoid 
mixer BZ 460 3. 4 10 

4 resinoid 
mixer BZ 300 4.4 10 

s resinoid 
mi .xer BZ 320 2.7 10 1.8 

* mg/m3 Milligrams of substance per cubic meter of air 

~·;-;·: BZ Breathing zone of the worker 

~·;-;·;-;·: GA General area the worker performs his job 

~·;-;•;-;•:-:: Eva 1 ua ti on er i ter i a = 30 __ ....... ..__ ___ _ 
% free Si02 + 3 

in sample 

Evaluation Criteria 
for Si l i ca Bearing . 
Oust ... ·~·~:~·: . 

mg/m3 

2.3 

3. 0 

7. 5 

1.s 

6. 3 
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TABLE IV 

URINE SAMPLES FOR LEAD ANO FLUORIDE 

AUGUST 21-23, 1973 

Mixer 
Number 

2 

3 

4 

5 

6 

7 

Pre or Post-Shift 
Sample 

Pre 
Post 

Pre 
Post 

Pre 
Post 

Pre 
Post 

Pre 

Pre 

Pre 

Biological evaluation criteria 

Fluoride in ur i ne 5 mg/liter of urine 

Lead in urine 0 . 20 mg/ liter of urine 

Fluoride 
mg/liter of 

o.43 
0.37 

o. 41 
0.46 

0.69 
0.48 

o.41 
0.48 

0.35 

1. 17 

0.33 

lead 
Urine mg/liter of Urine 

0.02 
0.01 

0.01 
0.02 

0.02 
o. 01 

0.01 
0.02 

0.01 

Insufficient 
sample 

0.01 


